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Summary 

LiTTuyoHN, M, J. & Wright, J. R. (1997) Structure of the acoustic signals of Crinia ^IciuerU (Anura: 
Myobairachidae) from south-western Australia, and comparison with those of C signifera from South Australia. 
TramR. Sac. S. Aust. 121(3), 103-1 17, 28 November, 1997. 

Adveiiisemcnt calls of 51 male<s of the Australian myobairachid frog, Crinia ghuerii. from five sites, and 45 
male.s of the presumed cognate species C signifera from four site.s, were analysed and compared. Patterns of 
geographical variation in the advertisement calls of C. glaiierti were explored and a dine was found in pulse 
rate. The structure and geographical variation in frequency of occurrence of another signal, the squelching call, 
of unknown function, in the acoustic repertoire of C glauerti, were investigated. The findings are consistent with 
the earlier reports of more frequent occurrence of the squelching call in the south. Becau.se of possible .similarity 
in function, the squelching call of C. glaiierti was compared with the encounter call of C. signifera. 

Key Words: Crinia glauerli, Crinia signifera, advertisement call, encounter call, acoustic analyses, pulse 
.structure, spectral compo.siiion, geographical variation. 



Introduction 

The commonly produced call (= advertisement 
call, sensii Littlejohn 1977; Wells 1977) of the 
endemic south-western Australian specievS Crinia 
gfauerti (Loveridge) was subjectively described by 
Main (1957) as: prolonged rattling call." Main 

(1957) also noted: 'Adjacent to Perth the call of this 
species is constant and is predominantly a rattle, but 
occasionally a short squelching sound is made, On 
the south coast [away from related species], the 
squelching call is tar more prominent This 
observation of inter-populational variation in the 
calls of C. glaiierti was considered by Brown Sc 
Wilson (1956) a.s a possible example of character 
displacement, with the squelching calls being more 
frequent in the populations that were allopatric to C 
insignifera (Moore), a species which also has a 
squelch-like call (see Littlejohn 1959). 

Although some values were cited by Brown Si 
Wilson (1956) from A.R. Main (in litt., based on 
analyses by M.J, Littlejohn), the first published 
objective description, which included an oscillogram 
(= waveform) and an audiospeeirogram, of the 
rattling eall of C. glaiierti was provided by Littlejohn 
(1959). This aeeount was derived from the physieal 
analysis of magnetic tape recordings of the calls of 
12 males obtained at only one locality, South Perth 
(115^52' E, 31®59' S), near the northern limit of 
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geographic distribution (Littlejohn unpub.), so that 
there was no consideration of geographic variation in 
call structure within this species. Littlejohn (1959) 
also noted "‘occasional call variation in the form of a 
compressed series of pulsc.s" which may be equated 
to the squelching call of Main (1957) and an 
oscillogram of one of these pulse trains was 
presented. 

The disjunct allopatric south-eastern Australian 
taxon C. signifera (Girard) is presumed to be the 
cognate (sister) species of C. glauerti, with which it 
constitutes the signifera superspecies (Main 1957; 
Main et ai 1958). The advertisement call of this 
taxon is a short, rapidly repeated pulse train and the 
first published objective description, and an 
oscillogram, were provided by Littlejohn (1958). 
Littlejohn (1959, 1961) supported the proposed 
affinity of C glauerti and C signifera, on the basis 
of the much lower pulse rates of the advertisement 
calls, when compared with those in calls of the then 
recognized members of the related insignifera 
superspecies (Main 1957; Main et al 1958). 
Quantitative descriptions of the calls of C. signifera 
were also provided by Littlejohn (1964, 1970), 
Littlejohn & Martin (1965), Hawe', Littlejohn et al 
(1985) and Odendaal et al (1986). Interpopulational 
variation in advertisement calls of C. signifera was 
considered by Littlejohn (1959, 1964), and by 
Odendaal et al. (1986). Straughan and Main (1966), 
through choice playback experiments in which tape- 
recorded advertisement calls of C. signifera and C 
par insignifera (Main) were offered as alternative 
stimuli, demonstrated that breeding females of G. 
signifera exhibited positive phonotaxis only to the 
conspecific calls. Encounter calls (.venA-a Wells 1977) 
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(= tciTilorial ciilK, Uiilojohn et ai M^S5) of C. 
si^nijera were idcnlillctl Ihrough Held playback 
cxpcrimcnis by Hawc' and Uttlejohn tf ai (1^4X5). 
The squelching culls o\ C. ^laucrfi may also have a 
(errilorial funclion bul this has yel lo be determined. 
In the absence of experimenuil di»cumeniaLioiu the 
term “squelching calf' (Main 1^57) will be attained 
for the compressed series of pulses. 

Tape-recorded samples of advertisement calls of 
*>l individuals were obtained at five localities across 
the geographic range of C. glaiicrii (Fig. 1, 1'able 1 ) 
to pnnide a measure of geographical variation. 
Miindaring Weir (Site 1) is the type locality for C 
(Cogger et ai 1983) Squelching calls were 




Fig. 1 . Ciengraplnc ejisuitudion (based on Tyler vi al 1994) 
of Chniii siUuwrtL and hKaiions o( jec(»rdiiig sites (.see 
Table 1 ). 



produced in the recorded sequences of 23 of these 
individuals. .SuHlcicnl squelching calls were 
obtained lo provide a preliminary dcseripiitin of ibis 
type of signal for compari.son with the eonspecille 
advertisement call, and with the encounter calls ol‘ C. 

and lu allow an estimation of get>graphical 
variation in the frequency of produclirm relative lo 
the advertisement call. Tape recordings ol 
advertisement calls of 45 individuals from the closest 
populations i>f C. .v/g/i//cm were also obtained, 
namely from four localities in soul hern South 
Australia (Fig. 2. Table 1) at or near the western 
limil.s of the extensive geographic distribution of this 
species (sec maps given by Brook 198.3, 1984; Tyler 




Fig 2. (ieugiapbic disU’ibuiitui (ba.sed on Bn>ok I9S4) of 
Crinia si^nifvra in South Austndia and locations of 
recording sites (see Table I ). 



TA.m t ). uf m imUtiji. hn aiiiit\. 

Ml sites arc in Wesrein Australia C'rinia and m Soijih Australia for C 



Specie'- 


Site 


Dales of re<.‘oniing 


ToeaJilv 


Liililude 


Loilgilude 






(SiHltll) 


(Fast) 


C. e^/werr/ 


1 


19. 2.Tvii.89 


1 lelena River, at base 
of .Mundiiring Weir 


.•n '57" 


1(0 ID' 






.ll.vii.W 


21 km snuili-soulh -west 
o( Bn.sselton 


3:csr 


1 |s'19* 






2.Tvii.86. 02.viii.Kb 


Diamond Tree railway siding 


34'-’22' 


1 Ili'Ob* 




4 


24. 25.vii Kb 


3 kin east of Norrialiip 


.U‘^59' 


j lb .SO* 




.s 


09. IU.VHi.S9 


1 S km east- north east of Albany 


34'‘S9^ 


1 IX 00* 




b 


IS viii.Kb; l5.viii.S9 


9.3 km soiJlh uf Wanilla 


.14 36' 


135 40* 


7 


O.T 04.v»i.S9 


Yellowman Creek, 3.6 km 
son|li-cas( of Melrose 


32 'sr 


1 3« 1 V 






S 


28. 29.vii.90 


9 km north-north-west of 
Vieioi llurbour 


.^5“29' 


I.^K‘ .30’ 




q 


26.vii 90 


X 3 km nortli-north-easi 
of Miiliecm 


.37 3 r 


I40''2.3’ 






( Al l.S 1)1* ( RINIA OLUfhhniASO C SICNU h.l< \ 
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I0S5; C'o^’^cr 1902). The de.se ri pi iun ol itie 
oncouniLT call (=lcrrilorial call) of C si^nifera is 
hiisctl (Ml accounls ol lluwc' and i.ililcjnhn t'i <//. 
( 1985, iinpifh.). 

Materials and Methods 

Rerrmlini* a] coHs 

lape rccurtlinus wca' ohiaincil at ihe breedin^j sites 
(Fi^s 1 . 2, Table 1 1 wilh an open -reel recorder i Nagra 
IV-S) anti a cardiiiid dynamic microphone (Beyer M 
88). Males ol holh specie.s call Inun a variety ol 
.sites: on Ihe banks adjacent to water, while silling in 
shallow water, or wliile Hoaiing and supporied by 
emergent vegetation. The effective tcmperalure.s at 
(he calling sites (.surlace water, wet-bulb air. 
depending on Ihe calling position of the frog) were 
then meastircd with an electronic (thermistor) 
ihcf momclcr (Takara Digimulti Model D6II, with 
sensor type 8/L-M). The mean was used as the 
elleclivc lem|X'ralure when an individual wa.s at ihe 
interface between air and water. Where possible, the 
rectirded males tif C. were colleeied, 

ciilhanased. preserved in lyler's fixative (Tyler 
1962), stored in liVA ethanol and l(Hjged wilh the 
We.slcrn Auslralian Miisenm. II Ihe specimen was 
preserved, the riieasuaMnenl of sriout-uro.style length 
was later made with dial calipers (to 0.1 mm, 
rounded to 0.5 mm), (')therwisc, a short plastic ruler 
( 15 cm) was placed uUmg the di^rsal surlace of the 
living specimen held in a thin, dear plastic hag. and 
the snout urosiylc length determined to liie nearest 
0 5 mm. 

Aiw fustic luudysi.s tfj ten fn/in^s 

l iir acoii.Mic analysis, tape recordings were 
replayed tm an open reel lape recorder (Ke vox B 77 
Mkll i»r Sony TC’ .510-2). Advertisement calls were 
uiialy.scd by using a digital audio-.speclrograph (Kay 
Elernelrics Model DSP 5500 Sona-Graph). Where 
there were high levels of low-lretjuency noise, a 
passive lilter (Allison 2B. high pas.s, cut-off set at 
512 H/) wji.s insened between the output of the tape 
fecorder ami the input of the audio spectrograph. 
Statistical pmccdtiros were carried out with 
SY.STAT. Version 5.03 (Syslul Ine., F.vanslon). 

Clmrtu'tvrisUi's o! cquifuuvut used in raauxhuff and 
tuialysis 

Tape transport speeds ( 19 cm s ') of the recorders 
involved in recording and playback were perioilically 
checked against a locaHy piodUtcd siandan.1 1000 
kll/ calihratKm tape and a frequency counter (Heath 
Schlurnberger SM-I ISA or Good Will GFC-80 I(Xj) 
(kevox, SiMiy)^ or against the .50 11/ AC mains 
fiequcMcy by a built-in stroboscope (Nagru); overall 
variations in tape s|xed through recording and 



playback are estimated ic be less than ±0 5%. Tlie 
fiequeney responses of all declromc eomponenls 
used in recording and analysis arc pre.siimetl to he 
close to linear w ithin the narrow range of rreijuencies 
ofintere.st (c. 2.0- 5.0 kHz), based on nuimifacturcrs’ 
speeificalions. The relatively high sampling rates 
used in the digital analy.ses (>44 kHz) preclude the 
production ol arlifacls from aliasing. 

Sirucfutv and iwousuc unrihuies of rails 
I’hc calls of the two speciiis arc of simple sirucinic 
amJ each consists i>f a grtnip of discrete damped 
oscillations (Figs 3-5). For convenience, and 
following previous usage, each of these oscillations 
is referred to as a " the group (i.e. the 

pulse train) as a c<ill (Figs 3. 4). Tlic number of 
pulses in a call was dclermiiicd by direel inspeeliori 
of Ihe displayed w aveform The depth of amplitude 
modulation of the last two pulses in a tail was 
someltmes less than ; in such ca.se.s. separate 
pulses were rccogni/ed if the depth \>l modulation 
exceeded about 75% fhe duration (to nearest ms) of 
a call W'a.s taken as ihe intetval from the peak of ihc 
first pulse ro the peak of the last pulse (= *'pCaik-pcak 
durailoir). The pulses m the advertisement calls arc 
produced in a qiiasi-pcriodic lashion. and Ihc pulse 
rale (as p s ') was calculated ovci a complete call as 
(n - 1 pul.ses) X 1000/pe.ak-peak duration m ms. 
Dominant frequencies wvre measured as ihe peaks in 
a power speelruni n! the whole call. To describe die 
temporal and spectral properlies of pulse.s in 
advert isemetu calls, a tape iccoidirig of one call of 
each of three individuals of each specie.s (C f^Uiuerti 




I 1 1 \ 1 I 

200 400 600 800 

milliseconds 

Fig. 3. Waveforms of advertisement ealK I p|ier ( nnia 
nilunem. Rcteiviico R4J9 7. .Sue Ueffeetive lemperature. 
wet -bulb iiir = II.K C. Li»\vcr. C. .vofUf/'MVj, RefcrOtitv 
R408-2. Site 6: clfeelive tcmperiilures. wet bulb iiir = 
II.DC., wa|er= J2 5 C 




106 



M, J. LITTLEJOHN & J. R. WRIGHT 



Site I; C signifera, Site 6) was replayed into a digital 
sound card (Sound Blaster SB 16, Creative Labs 
Milpitas), installed in a desktop computer (IBM*PC 
compatible). The sampling rate was set at 44,100 Hz 
and the sample size at 16 bits. Files were prepared in 
the WAVE format with the Creative Wave Studio 
Version 2.0 software (Creative Technology 
Singapore), and further processed with this package 
and with Spectra Plus Professional, Version 3.0 
(Pioneer Hill Software Poulsbo). The figures of the 
waveforms and spectra (Figs 3-5) were prepared by 
the same procedure. One pulse (the middle pulse or 
next after the midpoint of a call if an even number) 
of each call was used for analysis. 

Conventional rise and decay times of pulses (from 
10 - 90%, and 90-10%, respectively, of maximum 
amplitude) were not calculated because it would 
have been necessary to extrapolate between peaks of 
the carrier frequency (see below). Accordingly, the 
number of either positive or negative half cycles to 
reach maximum amplitude was counted and the time 
interval from background noise level to the peak 



estimated. The pulse duration was measured as the 
interval from approximately 10% of the maximum 
amplitude (either positive or negative) at the start to 
the same level at the end of a pulse. Two dominant 
spectral peaks are present in most of the calls of both 
species (Fig. 4). There is a well-defined sinusoidal 
fundamental frequency within the wave train (Fig. 4) 
and this is referred to as the carrier frequency (CF), 
by analogy with amplitude modulation in 
electronics. 

Rates of production of advertisement call were 
determined by playback of original recordings on a 
Sony TC-510-2 recorder. For C. glauerti, the 
durations of five consecutive cycles of calls and 
intervals were measured; for C. signifera, 10 cycles 
were measured. The following protocols were 
employed to arrive at the sequences of calls selected 
for measurement: C glauerti - the first six clear calls 
in the recorded sequence; C. signifera - the last 16 
calls in the sequence were digitised, then the last five 
discarded. The interval from the end of the first call 
to the end of the sixth (C glauerti) or tenth (C 







Fig. 4. Structure of pulses in advertisement calls. Upper panels, (a). Expanded waveform, (b). Frequency specirum for 
Crlina glauerti (Reference; R439-9, Site 1; effective temperature = 12.2^ C). Lower panels, (c). Expanded waveform, (d). 
Frequency spectrum for C. signifera (Reference: R408-5, Siie 6; effective temperatures, wet bulb air = 10.9° C, water = 
12.7° C). 



CALLS OF CRINIA GLAUERTl AND C SIGNIFERA 



107 






200 400 600 800 



milliseconds 

Fig, 5. Waveforms of squelching calls of Crinia ^kiuerti, 
(a). R44U5* Site 5. effective temperature = 11.8° C. (b). 
R44LL Site 5, effective tempeiature = B-TC. (c). 
R404-2, Site 2, effective temperature = 9.6° C. (d). R44 1- 
4, Site 5v effective temperature = 13.1° C. (e). R407-6, 
Site 3, effective temperature = 1 1.1° C. (f). R404-3, Site 
3. effective temperature = 9.8° C. (g). R407-7, Site 3, 
effective temperature = 10.7° C. 



signifera) call was then mea.su red to the nearest 
milli.second. 

Numbers of advertisement calls of individuals 
anMysed 

The number of advertisement calls of each 
individual to be analysed was determined as follows. 
Both species produce advertisement calls in long and 
reguJar sequences. In C glauerti, production of the 
longer advertisement calls is slow - about 20% of the 
rate of C. signifera (see below). For C glauertiy as 
the first step, four clear calls of each individual (n = 
10) from Site 1 were chosen at random from the 
recorded sequence. If four clear calls could not be 
obtained, that individual was discarded from the 
analysis. For C. signifera, all individuals from Site 8 
(n = 10) were used and data were obtained from three 
successive calls; the 12th, 1 3th and 1 4th (or the 
nearest clear call if there was an overlap) from the 
start of a natural sequence, or after recording had 
commenced. For each attribute of the call and for 
each species, an analysis of variance was carried out 
with comparison between individuals. The variance 
was partitioned and the proportion of the variation 
due to within-individual effects and that due to 
between-individuai effects was calculated. For both 
species and all variables, variation between 
individuals was far greater than that within 
individuals. For C. glaaerti, the withindndividual 
variation accounted for 13-20% of the variation in 
the data. For C. signifera, the within-individual 
variation accounted for 24-25% of the variation. 
Based on these results of the analyses of variance, it 
was decided that for C glauerti, the average of two 
calls per individual would provide a representative 
sample for that individual. As the calls of C. signifera 
were slightly more variable, it was decided to use the 
average of three calls for each individual. Mean 
values for individuals are used in the subsequent 
treatment of these data. 

Effects of temperature 

Linear regression analyses of the full data set for 
advertisement calls (Table 2) indicated that for C. 
glauerti there was a significant (p<0.05) relationship 
between effective temperature and duration and 
between effective temperature and pulse rate. The 
linear regression analyses also indicated that there was 
a significant relationship between dominant frequency 
and effective temperature for advertisement calls of 
each species. Accordingly, values of the dependent 
variables were corrected to 1 1 .0° C, the nearest integer 
to the pooled mean for effective temperature (C 
glauerti, mean - 11.1° C; C signifera, mean = 10.8° 
C); these values were used in subsequent calculations. 
Where the slope for the combined samples for each 
species was non-.significant, the raw data were used in 
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Tawi l- 2. Injlueth t* fffectiye U'mpi'ivturc im Join oUnhutr\ nf tht‘ rails Crinia ^laucrli fa - 5/j andC. 

Mgnitcr.4 in = 45). 

Resulu i»r analyses by (ineiir regression. See Table 4 tor ruiigcs ot iempcraiiia‘s. 



Ann butt of L-al| 


Species 


Slope 


Siji:nifiamcc i»f 
slope t/il 


Cc»dllcicn( of 
dot ermi nation (r*) 


Duration 


r. ^hiurni 


-0.071) 


cO.tKH 


0.291 




C\ Miittift ru 


+0.013 


0.240 


IUB2 


NiimfK r i>l pulse.s 


C. i^laticrU 


0.151 


0.5 1(> 


IUK)9 




C si}^nijera 


+0.290 


0.141 


0.050 


Pul.se rale 


C. alaartlf 


H.44S 


<(MKII 


0.239 




C sii^nifertt 


10.499 


0.587 


0.007 


Lipper dominani frcqiieney 


C !k!fuiu‘Hi 


-MKM07 


O.tHIS 


0.l.^4 




( ’ si)>mtera 


-I56.5u(' 


<0.001 


0.249 



Ihc sub.scqucni analyses. 

Ocainvncf nf squph hini* calls ofC glauerti 
Tlic prc.senec nl squeluhing calls was determined 
subjectively, by replaying the tape-recorded 
sequences of each individual. In this analysis, three 
ly|x?s ol cull were recognised: adverlisemcnl calls, 
squelching c<tlls, and Iransilional calls - as i( was not 
possible 10 assign some to cillier eaicgoiy. I he 
squelching calls of i»laueni also consi.st of pul.se 
trains (Fig. 5). Because these calls are highly 
variable in temporal structure, and were produced 
only during the recorded sequences of about 50^/r of 
the individuals, they are only bricHy described in a 
suhjcctivo way. 

Results 

St rue fare of pulses in advertisemeni calls 
The pulses In calls of hiilh species arc sitnilar, each 
with a sharp attack and a gradual (negative 
exponential) decay (Fig. 4). Fsli mated durations arc 
4 ms for C. j^iaueni and 4-7 ms for C. si\*nifcra. The 
maximum ampliliidc is reached within ihree positive 
or negative peaks of the carrier frequency, that is, in 
aboni I ms lor both la\a, txanrmalbm td the 
expanded wave form ol each pul.se Indicated the 
presence td’a clear sinusoid (= fundamenial/carricn 
with a JTeqiicncy that i-s close to the up|x?r peak of the 
spectrum (Tible J). Accordingly, only the upper peak 
(= carrier frequency) was used in subsequent 
calculations. Tlic frequency bandwidth at I Cl dli 



below Ihc peak rs abt*ul 1200 11/ lor both specie-* 
(Fig. 4). The envelope ol the pulse is amplitude 
modulated to a depth of about .^0 60^/^ (bused on the 
First cycle) with the envelope modtilatmg frequency 
(EMF) within a range of 094 to K20 11/ lor C. 
,\ilautrti. atid of 505 to KH5 11/ for C. sifinifera (Fig. 
4). These values arc close to Ihc dilTercnee bclwecn 
the Lippci and lower peak of the spectrum lor each 
iiulividual (Fig. 4. Tabic .^). It is suggested that the 
liiwer peak that is present in the spectrum of the 
advcrliscmenl calls of some individuals of each 
Species (Fig- 4) is a sideband of Ihc carrier frequency 
(i.c. the upper dominani lrequeney)./rhe level ot the 
lower [leak is about 4-9 dB below that ol the upper 
peak (Tabic ?>). 

Slruciure of the iulvcrti.se me nl calls 
Boih species proilucc advertisement calls in long 
and regular sequences. For C j^lauerti from Site I, 
calls w ere produced at a mean rale ol 26..'' calls min * 
(range = 22.9 - 2S.S; n = 9) at a mean elleclivc 
lemperaliia’ of 12. 1“ C' (range = 11. 4 - 12.8). For C 
si}>nifer{i from Site 8. the mean rale was 124 7 calls 
min* (range = 8l,| - 187.1; n - 1 1) at a mean 
effect IV e temperature of 11.4^ C (range = 1 1.2 
1 1.7). Values for three primary attributes (duralioru 
nuinhei of pulses and carrier fret(ucncy) and ilie one 
dciived cituibute (pulse rate) for five samples of (' 
,qlatterli and four samples of C. si^iiifera, corrected 
for the effect of temperature where appropriate, are 



I Aiii r 3. Sprrmtl rhuriu n nsnes of pulses in adyertisetnetu cull.s of Crum glauciii ond C. signjfera. 
All values tuv in H/. See lexi foi cxplaivaiioii. 



Species Individiiul 


Carrier 

frequency 

(CFi 


Envelope 

tnodiilaiion 

frequenev 

iEMH' 


Ltmer 

speelral peak 
(LSPl 


Upp<-*r 

speelral peak 

(USP) 


Differreiicc 
between 
s|icciral peaks 
rr>SP=tJSP 
• LSPl 


Di ITerencc 
between CF 
and esp 


DitVeicnce 
between EMI* 
and DSP 


C . filauertt 


J 


40f)5 


820 


3.370 


4048 


678 


17 


142 




2 


4167 


694 


3472 


4i.34 


662 


33 


32 






4049 


820 


3266 


4048 


782 


1 


38 


< dynifem 


1 


2494 


505 


2050 


2497 


447 


3 


58 






2632 


671 


2068 


2670 


602 


38 


69 




1 


3413 


885 


2454 


W5 


991 


.32 
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Call duration (ms) 
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Tai;i 1 4. I'hvsUvl cluiracfrri\ti('\- of athrt theman calls r>/ Ci inia ^liiucrii wul C. sit^nllcra. cfororUul in an vjfvrncv 
fh'nunrc of ! 1.0 C. wluov opfiro/n iaw I sec Table 2i 

|-(n cath cl 4I, the mean ami slanclarJ tlcviaiioii arc gi\cii on (lie upper line, and range (in pajvnihesesi <ni the lower line. 



Species 


Sflc 


Sample 

si/e 


h'lTccl ive 
tempo ivii lire ( C) 


Cal! duration 
(ms) 


Number ot 
pulses 


Pulse ra(e 
(p s 1 


Caniei 

trequcncy (II/) 


C. i>!anerti 


1 


10 


12.17. 0.47 


738, 87 


9.70. 1.21 


1 1 .80. 1 .94 


4052. 229 








(1 1.4 - 12.81 


1573- 817) 


|7,5- 11.5) 


(9.4- U\}\ 


(3.3.S4 443(0 




2 


0 


10.14, 0.64 


724, 153 


9.83, 1..30 


)2.b(\U.50 


4279, 285 








(0.2- ll.Oi 


(552-9S2) 


(8.0- 12.(0 


(12.0 - 13.01 


(3580 - 45401 




3 


13 


10.27. 1.03 


705. 1 15 


1 L50. 1.88 


14.94, 1.80 


4068, 215 








(7.7 11.5) 


(.547 - 935) 


(9.0 15.5) 


(ll.H- 18.3) 


(3770 - 4.5.30) 




-i 


S 


10.56, 0.57 


,526. 82 


10.0(), 1.84 


I6.9L 1.48 


40.31. 485 








(0,6- 1 1.4) 


(438- 


(8.5 - 13.0) 


(14.2- 18.6) 


(4:50.4570) 




5 


1 1 


12.27,0.62 


598, 85 


1 1 .23. 2.37 


18,20, 2.90 


4076. 292 








(11.0 13.1) 


(486 - 747) 


(8.0- 16.0) 


(15.1 -23.3) 


(46.)0- 44.50) 




C oiiibiiicd 


51 


11 . 10 , i.ts 


664, 1.30 


10.57. 1.92 


14.93. 3.06 


4098. 302 




sample 




(7.7- 13.1) 


(4."«8 • 982) 


(7.5- 16.0) 


(9.4-23.3) 


(32.50 4.570) 


(\ \ij^af(cfv 


6 


12 


1 1.54.0.54 


272. 77 


6.28. 1.54 


19.68, 3.41 


2790, 325 








( 10.4 - 12.2) 


(1.50 * 4.37) 


(4.0- 10.3) 


(15.5-28.8) 


(2.504 - .3568) 




7 


13 


10.64, 0.7S 


161.70 


5.51. 1 41 


29.0.S, 7.56 


24.3L 241 








(9 2- 11.2) 


(91 272) 


(4.0 -9.0) 


(18.4-43.8) 


(2092 2871) 




S 


10 


1 1 .43. 0. 1 8 


1 81 55 


4.87, ().(i9 


2150, 4.53 


2569, 87 








M 1.2- )L7) 


(101 - 2.37) 


(4.0 6.0) 


(17 5- 29.7) 


(2471 - 2710) 




*) 


m 


9.25, 0.27 


L58, 20 


4.,n, 0.48 


2L.32. 1.91 


2825, l(i9 








(8.9 - 9.8) 


(125 - 192( 


(4.0 - 5.0) 


(18.2 -24.1) 


(2549 3103) 




Combined 


45 


10.75. 1.02 


195, 77 


5.26. 1.34 


23.38, 6,15 


2645. 279 




sample 




(S.9- 12;2) 


(91 -437) 


(44) 10.3) 


(15.5-43.8) 


(2092- .3568) 




Site 



Fig. 6. Box plots lor durations of advertisement calls at recording sites, ol’ Crinia }^hmertl (luitclicd boxes) and C. sit.^nifrra 
(open boxes). Values are correeled to ICC where slopes are signilicant. The box indicates the intertjuartile range and the 
included htiri/.oiital line is the median. The vertical lines outside ihe boxes (whiskers) couneel to the last data points within 
± 1.5 X the iiiierqiimlile range (the fences). The asterisks indicaie outliers (values lying between ± 1.5 and 4.0 x the 
iiueiquariile range) and the open cireles indicate extreme outliers (whiles beyond 3 x the inteic|Liailile range). 






Pulse rate (p s ’) ^ ^ Number of pulses 
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7. Box plots for numbers of pulses in advertisement calls at recording sites of Crinia ^kmerti and C si^uifera. See Fi 
for explanation. 




Fig. tS. Box plots for pulse rates of advertisement calls at recording sites of Crima gJaueni and C. signifera. Values a 
corrected to 1 1° C where slopes are significant. See Fig. 6 for explanation. 






CAI .\S OF CKINJA CjlAUlifm AND (\ .S7<7A7/ A’A‘.\ 



ill 



presented in Tiible 4. Values lor combined samples ol 
each species arc also presented in Table 4. Box plots 
these values at each site are presenied in Figs b-d. 

('onrialioits of aUrihmcs of uilvn tisnnvw colls w iih 
hody fcn^ih 

Calling males ol'C. ^hatcrii arc smaller than those ol’C. 
si^nifcm (Tabic 5). with mean snout-urostylc lenglhs of 
1 6.3 1 (range = 1 -1.0 - 1 9.0; n = 29), and 21.31 (range = ) 8.0 
-25.0: n = 16) mm respectively U-test; p < 0.(K)1 ). There 
is no sigmiheant correlation ofciuTicr iVeiinency {coirected 



to 1 1,0*' C; Table 2) with snoiil-uroslyle length when all 
collected specimens C\ i^kmerd are included (r = - 
0.297; p = 0.1 IS; ii = 29); but them is a signilicant 
negative coirelation when only (hose specimens that were 
measiii'cd following prcseiArttion are considered (i* = 
A)^ 440 ; p — 0.032; n = 24). For C. si^nifenL however, theiv 
is a liighly significant negative coirc hit ion between carrier 
fretiuency and snoiit-ui*osiyle length (r = -0.796; p > 
0.001 ; ri = 16, all specimens were alive when measured). 
A scattergram of the correlation of smint-ni-ostyle length 
luidcairicr frequency is presented in Fig. 10. 




tig. 9. j^»o\ plots tor carrier fteqiieneics of advcriiscnrcnt culls at rceoi'diirg sites of Crin/tf and ^iiitiifcru. Values 

are coirected to 1 1 (' vs liere slopes arc significant. See lag. 0 ji>r cxplaumion. 



lAm I 5. Valtirs (in ninO for snotn-itrosiyie lengths of nudes id Crinia ghmerti tnui i . sigiiifeiii eoUtrieif ofu't du ir 
iul\'f'ili\i’nu'nt raU\ hod heni ret rvr/rv/. 



Specie^ 


Site 


Sample si/e 


Mean 


Range 


Standard 

deviation 


Condition of 
spec linen 


T liitoui'ili 


1 


8 


17-2 


16.5 - 19.0 


O.SO 


pie served 




s 


6 


14.6 


14.0- 15.5 


t».58 


preserver! 




.3 


7 


162 


15.5 17.(1 


tt.49 


preserved 




•1 




15.5 


15.0- 16.0 


0..^t) 


pi eserv cil 




5 




17-6 


17,0- 18.0 


0.5.S 


live 




Total 


29 


16.31 


14.0- 19.0 


1.25 




( . stynifera 


S 


7 


234 


22.0- 25.0 


U7 


live 




9 


9 


19.7 


IS.O- 21.0 


1.41 


jive 




tnial 


16 


21.31 


1 8.0- 25.0 


2.3 1 
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Cieo};vtiphiral vaviathm itt cuherfiscinciit culls of C. 
liliiiicrli 

Aiuilysis of variiincL\ with Silc a*> llic gioupiii^ 
fVicRir. iiidicaled lhal there arc no sieiiitlcanl 
dilTerences Jor niimhcr of pulses (/) - 0,074) and 
earner Ireqiieney (/; = 0.41 1). There arc. hovve\er, 
si^nilleanl dilTerences for ilie means (adjusied lo 1 
C) ol duration ip < 0.00 1 ) and pulse rate (/> < 0.001), 
Acm.ss tlie distance of about 450 km covered by the 
five s'ites (Fi^. 1), there is no consistent trend in 
duraiimi (Fig, (\ Table 4). although a iniiliiple 
ci>mparison (Tukey lesll indicated that the meari> Tor 
Sites 1-3 are significantly lower than those at Sire 4, 
and Site 1 also dilTered from Site 5. There Is a dine 
of increasing values for piil.se rales (Fig. 8, Table 4), 
A Tukey test shmved that the following means lor 
pulse rate differ s-ignillcanlly: Site I Irom Sites 3. 4, 
and 5; Site 2 frt>ni Sites 4 and 5; and Site 3 from Silc 
5. 

Ch'o^niphhal vurkuUm in udvcrtisemenf rails qfC. 
signifera 

Sites 7. 8 and 9 are within the continuous 
di.slribulion ofC (see maps gi\en by Brook 

1983; Tyler 1985) and are spaced at about .300 km 
iiitcr\als. Site f> is in the isolate on Byre Peninsula 
anti about 300 km tVoni Sites 7 and 8 (Fig. 2). 



Analyses of variance, with Site as the grouping 
facltu', indicated lhal there were signiricant 
dilTerences lor all four allnbules of the calls (/; < 
0.003). Multiple comparisons (Tukey test) revealed 
the following significant dilTerences in mean.s 
between sites; call duration - Site (s from Sites 7-9; 
pulse nuinbcr - Site 6 from Sites 8 and 9: dominant 
fret|uency (adjusted to 1 F* C) - Sue 7 from Sites 6 
and 9; pulse rale - Site 7 from Sites 6, 8 and 9. 

Comparisoa of advertiseincni calls of C. glauerli ant! 
C. signifera 

Kesulis of analyses of variance, w ilh Species m the 
grouping factor, indicated lhal the advertisement 
calls t>f the two species dilTcrcd signilleantly (p < 
0.001 ) in all four aUribuies. From a consideration t>f 
the ctunhined samples for each species (Table 4). 
calls of C ^laavrti are inucli longer, with means of 
durations differing by 3.4 limes, and with no cwerlap 
in ranges of varialitm (Fig. 6). The mean value for 
number of piiFses in ad verli.se men l calls of C 
^^Uawni is twice that of C. signifera but there is an 
overlap of ranges between 7.5 and 10.3 (Fig. 7- Tabic 
4). For pulse rales, although the mean for C glauerli 
is only 645F of lhal lor C. si^^nlfcra, the ranges 
overlap CNtcnsively (Fig. 8. 'lable 4), particularly lor 
the closest samples (.Sites 5. 6). The mean for cairiei 




Snout-urostyle length (mm) 



Fig. 10. .Scaliergr.nn shtuvlng ihc concinlion bctWL-cn currier frequency nml .snoui-urosule Iciiyih for mules i>l Crittht 
jiihuit ni and C llial were collected aficr then calls had been ivcorded. 



C’AU.S Ol Cf<IM \ (UAi ^A'7/ AND ( SIGNU LR.\ 



'I’AUI I A- rhv.Kinil dnnurrvmrft'S si/uvlchhiii > nlls /^/^Ciinia ylaiiuMii; ftvm the sufnt set nft nUs jmsiufyil in H^uiv 



Iiulividiial 
(and tape 
tctci’cJice) 


rcniperaiure 

GO 


Duration 

(ins) 


Nniiibcr i4 
pul.ses 


Low pulse 
rate ( p s ' 1 


High pulse 
(p S ') 


Overall pulse 
rate ( p s ’ 1 


Ciirrier 

iTeqiieiicv tH/i 


a. a<44l -5) 


1 I.K 


475 


50 


43 2 


2(I5,M 


10.3.2 


3703 


h. (R44M) 


13.1 


li« 


22 


31.1 


79.0 


48.0 


3746 


c ( K404-21 


9.6 


524 


37 


46.7 


125.0 


68.7 


4 392 


il.(R44l-4) 


13-1 


5(»9 


3| 


36.3 


1.37.2 


.S2.7 


42.30 


c.(K407-6) 


1 l.l 


478 


21 


37.4 


92.. 3 


41.8 


4220 


1 (K4IM 3) 


9.S 


603 


25 


40.2 


61.7 


.39.8 


4263 


g. (k407-7) 


16.7 


H32 


2*4 


29.7 


105.3 


27.6'' 


4048 


.Means 


IMI 


559.9 


m\ 


37 80 


115.20 


.54 55 


4086 


Ranges 


9.6- 13 1 


43 K - 832 


21 -50 


29.7 46.7 


M 7 - 205.9 


27.6 - 103.2 


3703 4392 



' l<»ucr lti:iii li»w puKc ru1«^ Ix'l’UUm.m>I the loin long bjcalA in iIil* iiniii 



Irociiioncies is higher in C. jLiUnirni, hy 1452 Hz. bill 
with an ovcrhip ol ranges between 3*22^) and 3568 1 1/ 
(log 9, Table 4). 

Stmeinre oj the .u/nch hinji^ t all nj C. glauerti 
These calls are highly variable, as is mdicuied by 
ihc selection of wavetorms prescntovl in big. 5. The 
pulses are sorneliincs in groups within a call, and the 
pulse late can vary greatly through a call (Fig. 5). 
Values for lour attributes of the seven calls presented 
in l-ig. 5 are given in Table 6. The pulses are oi 
similai slmclLire to those i>l the atlvertisemenl call 
and there are also two peaks in the iVcqucncy .spectra, 
as in the advert iscnient calk l*or the seven calls 
presented in Fig. 5, ihc lollowing data apply (see 
section oit pulses of advertisement calls for 
methodology): duration - mean = 3.77 ms (range = 
3. 1-5.1 ); carrier Irequency - mean = 3^55 1 1/ (range 
= 34SI - 4427); upper Irequency peak- mean = 3^)76 
(range = 3703 - 4414): envelope modulating 
Irequency - mean = 877 H/ (n = 5; range = 735 - 
I0(‘>2); lower dominant liequency peak- mean = 3260 
H/ (II = 5: range = 3100 - 3464) The di (Terence 
between the means ol peaks of upper and lower 
rrcqiieneies ol 716 Hz is consisienl wiili the 
explanation advanced lor the pulses in the 
advert iscnicnl calls - of the lower sideband of an 
envelope mndulaling frequency. The pulses may be 
grouped within a call (Fig. 5) and the pulse rates can 
differ considerably between groups m one call < Table 
6 ). 

(ivnymifhitnf I'aridtion in frctfUi^ncy of ocviurctu i 
(fj I lii‘ MiHvh hin}^ rail (ffC, glauerti 
Recorded sequences of calling by 25 of the 51 
individuals included squelching calls. Becau.se ol 
confusion from the calling by two or more close 
individuals, only those of 21 could be reliably 
us.sessed- classified and counted (’rahlc 7). A 
geogriphical trend is evident, with the frequency of 
production of squelching calls hy individuals being 
lugber in the southern anti south-eastern samples 



(Sites 4, 5, Table 8). .No altempi was made to 
dctcrmitie the eMeni ol varialion in the squelching 
calls of individuals. iu)r over lime for a population. 

Stnu'Utrv (if ihc cHcoitfifci' ('Oils ofi\ signilera 
l.illlcjolin cl al. (1985). hy playback <>1 
ailveriiscnicfU calls of C. /nivinsiiinifcra and ('. 

al peak stuind pivssurc Icvcks (0 dli tv 2.0 
pFa) abi>vc c. 98 and 104 dl3 rc.spcctivcly. evoked 
cncouiUcr calks (= territorial calls scimi Hasve’; 
Littlejohn 1977) from eight males of C . ui 

Willowmavin m south central Victoria (37 16' S, 
I44-54' L) The encounter call (Fig. II) is alsi) a 
pulse train, with a regular pulse rate (llavvcL 



Taiu I 7. ^'umhcrs nf iulvcrlisiwcnf rcilh, inurinntkiU' 
ifrunsifittnof } ritfl\ onJ Mfnctihfini colls, tou.! pr<>poriton*i of 
ihc latlcr Uifolf Cr(/6 of ! hoi 'onli\ khuif), pioihutul h\ 2/ 
molt \ of C rinia glauerti. 

Note that hccause nri>s't*ilup willi neighboiiiv calls ol 4 
iiitlividuaL could not be analysed. 



Site liitlividuiil Numher 
(if 

atlvLMiiscininl 

culls 


Numlxr 

uf 

iiiCcnuciliutL* 

calls 


Number 

ut 

squelching 

calls 


I'roporTum 

uf 

squelching 

e.ill> 


1 


1 


3(1 


0 


3 


0.09 1 


2 


la 


i: 


2 


1 


D..3.3 


2 


2 


9 


T 


11 


052 


3 


2 


IX 


4 


4 


0.15 


.3 


3 


27 


\ 


H 


0 n 


3 




20 


1 


5 


0.19 


t 


7 


21 


4 


II 


0..0 


4 


6 


J3 


0 


7 


(),.V5 


4 


S 


14 


1 


1 


o.:o 


4 


*» 


ID 


4 


4 


0,22 


s 


la 


IS 


T 


12 


(I..5K 


5 


2.1 


ID 


5 


4 


0.21 


5 




15 


b 


4 


01(1 


5 


4;i 


24 


0 


1 


IMM 


3 


5i» 


9 


0 


0 


0.40 


5 


() 


0 


to 


|5 


I).b0 


5 


lb 


II 


.5 


tl 


0.27 


3 


2b 


9 


3 


22 


0.65 


5 


'b 


15 


1 


X 


03,3 


s 


4b 


1(1 


6 


II 


0.33 


3 


.5b 


ID 


5 


13 


0.46 
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T.Mii.i; S. Munhrrs tnul pi’(fj)ontnns of mtilcK iif'CrUm glauerli produrinjn si/nvlt hioi^ rails a( mch site. 



•Si If 


Niiiiilvr is\ mules 
asNC.s.sed 


Niiiiibei of males 
producing s4.(UL*ichiiig calls 


Pmpoiiiiin of males 
producing squelching tails 


I 


10 


-> 


0 200 




II 


3 


0.27.^ 


4 


12 


5 


0.417 


4 


X 


*4 


0.500 


5 


II 


II 


1.000 



Liltlcjohn IM77). A wavelorni uf an cncounlei call 
lV4>ni Site I.'* picscnlcd in 1^'ig. I I. Values lor means 
and ranges Imm (ho original dula Ibr aclvoriiscmcnl 
calls and evoked oncounicr calls oC iho same five 
individuals discussed hy 1 illlojohn ef al. (H>S5) are 
presented in Tahle 




I ^ ^ I I 1 

0 100 200 300 400 SOO 

mllllwewnds 

Tig- II. Wavefonn ol an L*iicoiinier call ot C. sijiiiujrra 
(Releiviuv: K4()N U; Site f>: flTechvc leinperulurcs. wcl- 
biilh jir ll-3^C,walcr 12.5’ C). 



T\mi,i 9. Compuri.son i»f attrihutes t>f Lulvfriimnvnr t olls 
utui rnnntaici lo/I.s /// Criiiia WillowttKtvin, 

Vit'lfnia ifmtn Jota of Uftlejtihn el al. /9rV.i;. 

Means and range.*- (in paremhosos) are given (n = 5). 13a(a 
ai‘e not ConveteiJ Inr p«)ssihle riTccIs of tcinperaline. 
r.rreeiivi; lempeniturcs ranged from 10.7- 1.T2' C (mean = 
I2.(M). 



Atlrihiiic 


Adverlisemeni call 


Lncoiinicr call 


Dmaliim 1 nisi 


X.^ 


102 




(5f>-10S) 


(170-2)0) 


Pulses/nole 


4.2 


I7.K 




(4-5) 


1 Ifi-lO) 


Pulse rate 


40.(1 


SK.I 


(ps‘) 


(.30,Xo3.7) 


(74.2 100. h 


Upper (liHTiiiianl 


3.300 


.32 1 7 


fi’cqiienc> <H/) 


(3125 4f»42) 


l2H25..3r>2m 



Pnaluclion of cnt'oufitcr nil Is hy oinlr\ t>f C. 
sign H era 

In u suhjeciive evaluation during playback ol the 
lape recindings of T. si^nilent, involving 5.3 
individuals and sonic 3527 adverlisemeni calls, three 
inlcraclions, presumed to involve production of 
encounter calls, were noted. Olhenvise. the recorded 
set|iiciiecs of 47 individuals consisted only of 
adverlisemeni calls. 



Crooparistm oj Siiuek hitt» ailf ofC. glauerli anti 
ternioriul call o/‘C. signifera 
The v.iriahic squelching cull o) <;'. tilauerti (Fig. 5. 
Table 6) i.s longer, contains more pulses, is of highci 
average pulse rate, and of higher doiniiiani frequency 
(han the icrrilorial call ofC sit^nifertt (Fig. 1 1, Table 
9). Fven so, they are bolh pulse trains which are ol 
similar carrier frequency hui of longer duralion.. 
conlain more ptilse.s, and are of highci pulse rale than 
their respecti\e advcihseiiieiit calls (Fig. 3, Tahle 4), 

Discussion 

Sintciurc tfj the ailwvmcmettt culls ufhoih species 
The advenisement calls of boih species are of 
.siuiilur siruciuie, each consisting of a quasi-perii>dic 
pulse train. The pulses are shorl damped usci Hal ions, 
each with a sharp allack and an c.xponeniial decay. 
There are more pulses in ihc calls of C. ^laucrti, and 
these are produced al a lower repet itii>n rate. Tho 
Ircqiicncy spectra arc of siniilar shape, with most 
individuals having two peaks, the upper being 
aitribiited to the fundamental (= earner fretpieiicy). 
while the lower is presumed to be produced as the 
side hand ol‘ the envelopt* modulating Irequciicy. The 
carrier IVcijiiency is higher in C t^linicrUy and Ibis 
may be conelaled wifh ihc smaller si/.e o\ males ol 
ibis specie.s - a usual characlerislic of the calls of 
auLirans (e.g. Roberfson I9S6). There is a (irrid of 
increasing pulse rate from m^rth lo Mnith-casi in Ihc 
samples off. ifltiucni and the diiriuious arc lower in 
the samples friim Sites 4 and 5. Values for samples of 
the other two ailribules display no obvious pattern. 

Adverlisemeni calls from Site 6 in the 
geographical isolate of C. .si^tu/crti on lower Fyre 
Peninsula are longer and eontaiu more pulses than 
ihose to the cast in the main dislrihiltion of C\ 
signifera. rhtis the westcrmn^^'^i sample c»l ( 
si^nifcni (from Site (y) is more similar to lfio.se of C 
^itWeni (han are the others. The populations of ( 
si^nifvni on Fyre Peninsula have probably been 
separated from the main di.sti ibution smee the sea 
rose to its present level al the close ihe Iasi glacial 
period of the Pleistocene Fpoeh (from c 1 2.0(H) to c 
6,(M)U years ago; see Littlejohn ct ttf 1003 for a 
summary and references) and this isolation may have 
cNUitributed to ihe divergence. 
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(Jdcmlitiil Cl ni I'LVordcd u vaniplc ol 

(Jill Is of C si}jnilcm from the same 
lor.aion on >cl|i»^vm<in Crevk Uheir Recording’ wSiic 
No. 5: our Silc No. 7) jiid over a a>mpa^■ahl4^ ranee 
ol eUcctivc uvalLTt iempera(urc.s MIAH- 12.2 r v 
d.2 - M 2 r - this sfiiJy). For all lour aunhules. 
Imwov’ci, ihcir values a^-e hichcr ihun Uiosc ohiained 
in lilt* ()Rsenl sludy. Tlie Use oj <»ther pri>l<K'ol> aiul 
anulviK’al locliniqucs may aeeounl l»>r m>iiic of the 
diHeienecs. hul ur tlii.s no e\plana(it?n eati Fe 

rUfefVd. 

\ t/f ofrititnlrr tuilfs itfC. jilauoni 
Vl(ue*feeont v>bserVtUitms by Lilllcjohn Umpub.) 
mdu ated dial C. ^iiwcrii oeairs in syniopy willi C 
stiliiii'siii^mfrro < L itili'jtdin) near (ho euMern limil td’ 
il.s dislnhijliuii (e.g. Fig. 1). ( r/z/A/ 

siihruKC^nifcni has an adverd.scmcnl tall ihal MnniiK 
like a “long low-pileheil squeldi" 1 Lilllcjohn l^>57. 
I0s9| lor iwo lemporal anrdnites of llie 
advetliscmcni CalU of >7 individuals of (\ 
sufyiusl;i:nij(*rti, collected aii ctlocilvc lemporature 
of 10 C’ ihe mean iliiruhon rs 540 iiis Oaiigc - 420 
Obi))- and the tncaii pulse laie is 174 (range = 12^4 - 
2 10) (1 ililej<ihn IdhI ). Asihcsc ranges overlap those 
ol Ihe sipieklilng call of C. j^hnicrn (Table 6i. 
4‘vplanalions olhci limn rcponJuclivc character 
ilisplacement nuisl now be .sought for llic higher 
fiVijiieneie'; of occiiiienec td Mjuelching calls in the 
sonlh and :M)tilh-cast hut mme can be provided at 
present, nearly. Iljeiv is a need t«>r further 
investigaiiOiis. inclinling playback esperiments with 
jklvefilseineiil calls and squelching calls as stinnili 
under C4>utr< died cimditions. Such sltidies should he 
preceded by Ihe cloeunienlatioii «d frequency id 
oecunence of .squelching ealis in naUiru) 
a.sseinblugcs. and ilic context in vvlncli they aic 
prodiu cd, The mciisuiemciit of the sound pressure 
levels ol culls of samspecific neighbours is also 
ivquhed so lhai the uppropriiiie stmuili can he 
attplicd i l.itilejohn crai 0JS5) By vary ing the levels 
of stimulation, thresholds could then Ix^ dclemiineil 
imd get ►graphical patterns may be revealed. 

Uchf(it>nyhips C\ glatierti 
I ri>m Ihe (ncsciUed JaUu it appears that the ncaresl 
pupLilaiions ofC. yjaucrli and C. ?>ii*nijirii tSiles 5. 
h) have Hie most similarly slnicluicd .alveiiisenuMit 
calls, file rniun diOerence beivveen tlie culls ol the 
Iwo species is in earlier ftequency which may be 
aci tainted for by the dillcrence in si/os of the Ism* 
tuvt (Table 5. Fig. ItO. The similarities in cull 
sliuettm* arc consisleol with the postulated cdost 
relalionship of ifie two luxa suggesleil by Mam 
tl'4S7l. and snhsei|ifcntl> supported by the 
miiltivurtaie numerical aiialy.ses oi niorphi>logy um 
Icaliiics of life hisitay carried out by Blake ( 



and Thompson tldSl). .Mihnngli consistent m 
.showing a elose association between them. 
miilccLilar .sludies do iiol lielp in rcs‘dving the 
rclaiionship.s ol ( f^hnircn and ( . sfiinffem. Tlic 
albumin immunoli'gical analysis of [)uughonv and 
Maxsoti ll^LH2) places C v/gniVem closest to (. 
rifH’iriir ( 15 ID units), lollowed by C. uhitirrri tind ( ' 
iuinn\i\*nifem ibotli 24 ID units) and C. qctn\yiaiia 
(2k) ID units). The cladislic analysis of alltvymes 
carried out by Barendsc (l^>K4) oflcrs several 
iiiterprelalions and appeals iuconclnsive about the 
leluDonsliips: in one scenario C. ^Icmcrti and C 
\is^nifcni are grouped with C. i^itn^uwa. Barentlse 
dill not melutle ( . nihirui in his study 
Kobcils cV: Wulsoit ( have reviewed the lecenl 
liiei'atuic on rclalion.shipN willim stmic groups nf 
Au.sinilian frogs. 

Throe ol the species t>( ( rinin desenhed since die 
xyoik of Main - C hiJin^^iut Martin. Tyler t'c 

Davies (Martin cf uL 1^71Si)). i tynhOa 1‘ylei A: 
Parker (Tyler A: I’arker IH74) and ( ri/Hiriu 
l.ililcjohn Si Maniri ( l.itilcjtihn Martin PK\5) - 
have elearly pulsaJile advertisement calls. IVIer 
Parkci (1*'>74) noted the similaiity of the 
adverllserncnt calls off/ mnola and ( v/mterp. but 
they did not provide inronnalioii about Ihe recording 
temperatures As the recording of ihe call of (* 
ix 7 Uo!(i Was ivbfained at Vlorchead. Papuu New 
Guinea in January: the anibicnf temperatures 
presumably were much higher than lh<»sc appl)ing to 
recordings analysed in the present study. Hence, a 
diiecl o»mpariMm camun he made with the calls of 
C. g/tu/i77/ obtained at icmpcramros oi 14. 1 C anil 
lowcT. Blake 1 1975) noted lhal Cririia riimriu lacks n 
tympainim and columella and placed the lavon into a 
dlffeivnt species group along whli C niMiumicnsis 
((iuiillier). Because id the lack ol a dislmcr 
lympamim in (\ rcmoiu tlylcr A Fkirki'r 1974 1 , il is 
suggested that there may not be a ek>se lelaliouship 
between this species and (. . \*hn(trfi 
As the name indicates, the advcni.semetu call of (. 
hiimoKu is strongly biphasic (Marlin ct »//. 19S0). In 
this species, males ct'inmencc- a calling svvtiiemr 
with short calls (o45 m.s) of high pulse tale <>7b p .s ♦,). 
and then gradually change over iii long ealts (>5S() 
ms) of low pulse rale i< 54 p s'). Again, (he high 
recording (einperature.s (wet hulh uiv = 2.T4 - 2b. (V 
G) inean that it is not possihle to make a pK>per 
comparison with the adverlisemeni call of G 
qliwcrli. Fven so, the iiiidiospectrograin of the shotl 
eall appears (o be similar to some >»f the variations in 
the squelching calls of G yjamrti. Martin ct al. 
i 1980) Ciinsidered the funcliimal .signilicaiice ol the 
two disiiriet calls id (’. hifinyna and raised llie 
possibility lhal the slioii calls of higher pufse rale air 
mating calls, and that the long calls of lower pidse 
rale are territorial calls, the converse ol ilie siiualion 
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fur pulsv ink* in (' The loiiu cull of C. 

cunlnms ahoiil twice as many pulses {>27) 
as in the advi'iiiscineiu call olT ^faurrti {<\h). Ij* 
allowance js made fur ihc dillcivncc in lempcraiiire 
(by nsiii^ a ol 2). the pulse rare of C. Nhnyjui lil 
I r C’ vvnulil he iibour JO p s ' and could osiolap ihe 
pulsc lilies III die ailvcrlisemcnl calls ol’ C i^laiu rit. 

< 'riniti hilin^>ifo p(>sscsses a lYJnpanuin hul possible 
close allinilic.s with C. i^UniL'rti were nr^l considered 
by Martin ct al \ IdSO). 



/\ckiM»vvli'd^nienls 

Thi‘ Held Miidies m Wcslcni Australia were carried 
out uiiiler l icence Numbers 1274 ( lOSO) and SF‘ IXO 
(IdKO), issued by ihe rX'panmcni ol ( onscrvalion 
and Land Manapcinenl. The lield sliiilios wore 
carried oui durin^T (k*ld rescaivh leave In mi the 
I'riisersily nl Melhoiime. bAjuipnicm was provided 
by firanis Irom die Aiishulian Ri'seaivh ( ouncil 
( ARC') and (ho Lmveisity ol' Melbourne. Kccordinys 



ol (\ sli^nijri'a iVoin Soulh Ausliafia were obtaineil 
dnrin|j (he lenuie ol a research ^rani IVom die AKC*. 
Number A IXS3nU> (Id8d). Some of die aconsiii 
and stalislieal analyses, and preparation ol’ parts of 
die manuscriph were carried lail iliiring Ihc leiinre ol 
Ollier .^iranls rimii the AKC. Small grants Scheme 
(Ciraiil Numbers SG 0dT5.Sl4, S 0Sd l757tS) and die 
procedures iliai were de\ eloped have provided 
pmloeoK for acoustic and statistical aiialylieul 
lechnit|Ui's id’ wider appliealioii. .Mrs L. G. Lilllejohn 
assisifd with reeoidme al all of Ihe sites in Western 
Aiislralia and ai two of die .South Ausiralian 
localities. Df T. Ci. I jltlejohn assisted w ith reeindiiie 
al the Ollier two Soiidi Austialiaii loealilies. Mr I •• A. 
Smith. Western Auslrahan Museum arranged lor die 
euralion (d the preserved specimens and kindK made 
Ihein available for subsecjueiit evaminaiion and 
measurenieni during a suhsequenl visit. Dj M. .1. 
Keough pmvitle<l arivieo un slatislieal analyses ami 
l)r 11 ( *. Honnet-Glaik pnwided an rnlcrprelation of 
the specind ami lemp^aal slniciure <d pulses lu die 
adveriisemeni calls 
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